Systolic pressures were measured by using pneumatic cuffs on the second toe, ankle, and arm. In the absence of clinically evident peripheral vascular disease, digital pressure 
Systolic pressures were determined in the second toe during deflation of a pneumatic cuff, 2 cm wide, applied to the base of the digit. The cuff was constructed of Penrose drainage tubing backed by adhesive tape. The pressure in the cuff at the time of resumption of arterial inflow into the digit distal to the cuff was taken as the systolic pressure. The resumption of arterial inflow was detected either by the appearance of a pink "flush" in the skin of the digit, previously blanched by tight application of rubber dam, or by the increase in the volume of the digit recorded by means of a mercury-in-rubber strain- Comparison of the measurements of systolic pressure using mercury-in-rubber strain-gauge plethysmograph and the "flush" technique in the same digits. 4 Good agreement has been reported among these methods,3' 4 and the reproducibility of the ankle pressure has been shown to be comparable to the reproducibility of the brachial systolic pressure obtained by using the auscultatory technique.3 Brachial pressures were determined by auscultation immediately after each determination of pressure in the lower limb. To obtain a better index of arterial disease than that provided by the absolute values of the digital pressure, systolic pressures in the toes were calculated as a percentage of brachial systolic pressure which was taken to represent the pressure proximal to the occlusive process. This calculation was necessitated by the fact that in many patients with AOD, systolic pressures in the toes were within normal range as a result of a certain degree of systemic hypertension evidenced by elevated brachial systolic pressure. This peroentage was used as the index of the overall occlusive process proximal to the toes. To assess separately the occlusive process in small distal arteries of the lower limb, the difference between the systolic pressure at the ankle and at the toe (A-T difference) was used.
Reproducibility of the measurements of digital pressures was compared with the reproducibility of the brachial pressures in studies repeated at intervals of LOC.
Results Table 2 shows the results in the groups without peripheral vascular disease. There was no difference between the absolute values of the systolic pressure in the toes of the young normal subjects and the patients with coronary artery disease. The older normal subjects and the patients with diabetes mellitus had higher pressures in the toes than the young subjects; this increase reflects the higher brachial pressures in these groups. The digital pressure in the group with hypertension was significantly higher than in the other groups. When digital pressure was expressed as a percentage of the brachial systolic pressure, there were no significant differences among the groups including the hypertensive patients. The ankle-to-toe (A-T) pressure difference was significantly higher in the hypertensive patients than in the other groups without overt peripheral vascular disease, but there were no significant differences among the other groups. In the comparisons which follow, the young and older "normal" subjects and the patients with diabetes mellitus or coronary artery disease but without overt peripheral vascular disease were combined and are referred to as the control group. Figure 3 shows the A-T differences in various patient groups. With few exceptions, these differences were within normal limits in the groups with Raynaud's phenomena and in arteriosclerosis obliterans without diabetes. The mean A-T differences for these groups were not significantly different from those of the control group. On the other hand, the differences were above normal in 23% of limbs of diabetic patients with arteriosclerosis obliterans. In the diabetics, the mean A-T differences were significantly higher in the limbs with rest pain, or lesions, or both (P < 0.005), and in the asymptomatic limbs (P <0.025) than in the control group. In the limbs with intermittent claudication, the mean A-T difference was also higher than in the control group, but the means were not significantly different. Approximately half of the patients with increased differences were normotensive. In patients with thromboangiitis obliterans the A-T differences were above normal in 11 of 14 symptomatic limbs and in three of seven asymptomatic limbs. In all subgroups with thromboangiitis, the mean differences were significantly greater than in the control group (P < 0.001). All patients with thromboangiitis, with one exception, were normotensive. ankle was the same in the older healthy subjects and patients with diabetes mellitus or coronary artery disease as in the young healthy subjects. If it is assumed that there are no great differences in resting blood flow in the feet among these groups, then the finding of similar pressures suggests that age, diabetes, and coronary artery disease per se do not lead to a hemodynamically significant encroachment on the lumen in the arterial tree proximal to the toes. In the hypertensive group without PVD, the relationship of the systolic pressure at the toe to the brachial pressure was similar to that in the normotensive group without PVD, but the digital systolic pressure and the A-T difference were higher. Thus in the hypertensive subjects the ankle pressure increases more than the brachial and digital pressures. The increased A-T difference corresponds to the increased difference between the brachial and finger systolic pressures reported in patients with hypertension. ' 18 It appears that the increase in systolic pressure as the arterial pressure wave travels from the heart to the vessels of the limbs'9 is greater in hypertension. However, once the wave reaches smaller arteries such as those of the hand and foot, the systolic pressure falls more than in subjects with normal blood pressure. These findings can be explained by the higher resistance20 and the small diameter of the peripheral vessels. Increased peripheral resistance increases reflection of the arterial pressure wave and causes greater increase in the systolic pressure proximal to the hand"9 and foot (Carter SA; Unpublished data). Once the pressure wave reaches the arteries of the hand and foot, their smaller diameters result in greater damping and, therefore, in a greater drop in the systolic pressure.
Discussion
In patients with Raynaud's phenomena affecting the lower limbs, in both the group with primary Raynaud's disease and the group with systemic disease, as well as in those with systemic disease in whom the phenomena were present only in the upper limbs, the systolic pressure at the toe was lower than in the control group both in absolute value and in relation to the brachial pressure. These findings agree with the results of Conrad and Green.7 Also the A-T difference was greater than in the control group although the difference was not statistically significant. The lower digital pressures could be due to structural narrowing or occlusion in the small arteries of the foot or to their smaller diameter resulting from increased contraction of the vascular smooth muscle. It is likely that both factors are operating. Alcohol taken orally decreases the brachial-to-toe pressure difference in patients with vasospasm;7 this observation suggests a functional element. There is also angiographic evidence of structural changes in the small arteries of patients with long-standing Raynaud's phenomena.21
Circulation, Volume XLIII, June 1971 In groups with AOD, systolic pressures at the toe were lower in absolute value and in relation to the brachial pressure than in the control group. This was true even in many limbs without symptoms. However, the digital pressure expressed as percentage of the brachial pressure proved to be a better index of the occlusive process since it largely eliminated the overlap with the control group which was present in the absolute values of the pressures. Systolic pressure at the toe of less than 64% of the brachial pressure is abnormal. The digital pressures correlated well with angiographic findings, and in patients with ASO the digital pressure also correlated with the severity of the symptoms. With few exceptions, the A-T differences were not increased in the limbs of nondiabetic patients with ASO. Increased gradients were found in the diabetics with ASO and occurred often in limbs with pain at rest, or lesions of the skin, or both. About half of the diabetic patients with increased A-T differences had hypertension.
Since hypertension alone may be associated with increased A-T differences, it is difficult to judge with certainty to what extent the increased A-T difference is due to occlusion in the distal vessels as opposed to increased peripheral resistance associated with hypertension. Increased A-T differences can be due to the occlusive process in the arteries of the foot between the ankle and the toes. We also encountered them in the limbs with angiographically documented occlusion of the anterior and posterior tibial arteries but in which the peroneal artery was not diseased. In such limbs the pressure at the ankle is normal whereas the digital pressure is decreased. The increased A-T difference in some limbs of the diabetics with severe occlusive disease fits with the pathologic finding of greater severity of the occlusive process in the arteries distal to the popliteal in the patients with diabetes mellitus. 5 preferentially small distal arteries of the limb, the finding of increased A-T differences in the majority of limbs of patients with TAO and in some limbs of diabetic patients with ASO suggests that measurement of A-T differences will provide a useful index of the occlusive process in the smaller distal vessels.
